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Twenty lactic acid bacteria (LAB) isolated from artisanal cheeses and previously selected for their technological
properties were screened for their enzymatic activities, antimicrobial activity and safety. The aim was to select
those LAB strains that were safe and showed advantageous properties for the development of starter cultures for
cheese making, discarding those that could transfer antibiotic resistance or produce any toxic biogenic amines.
Aminopeptidase activities were detected in most strains, particularly high for the substrate leucine arylamidase,
and most lactobacilli and Leuconostoc strains showed high p-galactosidase activity. Glutamate dehydrogenase
(GDH) activity was detected in 13 strains, although the activity values varied widely. All strains showed anti-
microbial activity against the indicator microorganisms due to acid production. However, only one of the Lac-
tiplantibacillus plantarum strains showed an inhibitory activity against Enterococcus faecalis due to bacteriocin-like
compounds. In particular, Levilactobacillus brevis TAUL1567 and Lactiplantibacillus paraplantarum TAUL1399
showed resistance to tetracycline and ampicillin, respectively, above the cut-off values and were therefore
excluded. Tyramine was only produced by L. brevis TAUL1567 (193.15 pg ml~!), while putrescine was produced
by this strain and two strains of Lactococcus lactis. Finally, 14 strains produced y-aminobutyric acid (GABA), five
of them at concentrations around or above 100 pg ml™L.

1. Introduction in amino acid catabolism in LAB, leading to the formation of aromatic

compounds. During amino acid transamination, aminotransferases

Lactic acid bacteria (LAB) are used as starter cultures in the pro-
duction of fermented foods and are therefore of great economic impor-
tance as they determine the organoleptic, rheological and nutritional
properties of fermented foods. In cheese production, LAB play an
important role in the biochemical events that take place during ripening,
such as proteolysis and lipolysis, which contribute significantly to the
development of flavour and aroma. Therefore, the technological char-
acterisation of LAB strains through the study of their enzymatic activ-
ities is crucial for the selection of specific strains to be used as starter
cultures in cheese production (Camara et al., 2019; Redruello et al.,
2021; Yogeswara et al., 2020). In this context, glutamate dehydrogenase
(GDH) is a key enzyme in the conversion of amino acids produced during
proteolysis (Tanous et al., 2002). Transamination is the central reaction
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transfer the amino group of an amino acid to an a-ketoacid, and sub-
sequently the resulting a-ketoacids are degraded by additional reactions
to the various aromatic compounds, which are aldehydes, alcohols,
carboxylic acids and sulfur compounds (Pudlik & Lolkema, 2013). In
general, amino acid conversion by LAB is limited by their low produc-
tion of a-ketoglutarate, as a-ketoacid is essential for the first step of
conversion. For this reason, LAB strains with high GDH activity, which is
able to catalyse the deamination of glutamate, present in large amounts
in cheese, into a-ketoglutarate, could accelerate, intensify or diversify
flavour formation in cheese (Mazhar et al., 2020; Tanous et al., 2002).

In addition, there are other aspects of LAB strain selection that may
be of interest from the point of view of starter culture design. One of
these is the antimicrobial activity of LAB strains (Mani-Lopez et al.,
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2021). During LAB’s growth, compounds derived from their metabolism
can be produced that have antimicrobial activity (Agostini et al., 2018).
The main antimicrobial activity of LAB is due to their production of
organic acids that prevent the growth of pathogenic or spoilage micro-
organisms (Favaro et al., 2015), but some of them can also produce
bacteriocins or bacteriocin-like compounds that specifically inhibit the
growth of certain microorganisms (Silva et al., 2018). Another inter-
esting feature of LAB strains is their ability to produce compounds that
promote beneficial health effects, such as y-aminobutyric acid (GABA).
GABA is a non-protein amino acid produced by the decarboxylation of
L-glutamate or its salts by the enzyme glutamate decarboxylase (GAD)
(Falah et al., 2021), whose production increases as a physiological
response to acidic conditions (Luo et al., 2020). Due to its health benefits
(Jitpakdee et al., 2021; Kanklai et al., 2021), the food industry is
interested in producing GABA-enriched foods, and cheese may be a good
candidate due to the natural ability of some LAB strains to produce
GABA (Valenzuela et al., 2019).

LAB strains isolated from traditional fermented products and
selected for their technological properties represent a very interesting
niche for the development of new starter cultures. However, it is
essential that these strains are safe for this use. Although the European
Food Safety Authority (EFSA) has granted Qualified Presumption of
Safety (QPS) status to most LAB species and the US Food and Drug
Administration (FDA) considers them Generally Recognised as Safe
(GRAS) (Kanklai et al., 2021), there are not many studies on the safety of
LAB compared to other bacterial groups (Chen et al., 2019). Some
strains from the microbiota of traditional fermented dairy products may
carry antibiotic resistance genes that can be transferred to pathogenic
bacteria through the food chain, leading to the spread of antibiotic
resistance (Sirichoat et al., 2020; Stefanska et al., 2021). On the other
hand, some LAB strains can produce toxic biogenic amines (BA) such as
histamine, tyramine or putrescine, which can accumulate in food and
cause food poisoning (Ladero et al., 2011); Ma et al., 2020; Moniente
et al., 2021). Therefore, the absence of antibiotic resistance and the
search for non-BA producing LAB strains are criteria for the selection of
LAB strains for use in the food industry (Durak-Dados et al., 2020).

Taking into account all these aspects that are crucial for the use of
LAB strains in the design of starter cultures, the aim of this work was to
evaluate the technological and safety properties of previously selected
wild LAB strains prior to the design of starter cultures. Desirable enzy-
matic activities, antimicrobial activity, antibiotic resistance/suscepti-
bility status, production of toxic BAs and GABA production capacity
were evaluated to exclude strains that might not be suitable for use as
starter cultures.

2. Materials and methods
2.1. Strains, media and culture conditions

Table 1 lists the bacterial strains used in this study (LAB and control
strains). Levilactobacillus, Lactiplantibacillus, Lacticaseibacillus and Leu-
conostoc strains were grown in MRS broth (Oxoid, Basingstoke, UK) at
32 °C; while Lactococcus strains were grown in M17 broth (Difco, Becton
Dickinson, Sparks, MD, USA) supplemented with 1% (w/v) glucose
(M17-Glu) at 32 °C. Enterococcus faecalis was grown in MRS broth at
37 °C. Listeria monocytogenes was grown in tryptone soy broth (TSB,
Oxoid) at 30 °C. Staphylococcus aureus, Salmonella enterica and Escher-
ichia coli were cultured in TSB at 37 °C. Clostridium tyrobutyricum was
grown in Bryant-Burkey broth (BBB, Condalab, Madrid, Spain) in
anaerobiosis at 37 °C. Anaerobic conditions were achieved by using the
Anaerocult A (Merck, Darmstadt, Germany) in anaerobic flasks. For
solid formulations, bacteriological agar (VWR International, Gelde-
naaksebaan, Belgium) was added to the liquid media.
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Table 1
Species, strains and relevant features of the microorganisms used in this study.

Species and strains Features studied

Lactococcus lactis subsp. lactis EP*
GE44°, TAUL88b, TAUL227, TAUL266, TAUL8000, GABA"
TAUL9000 AM®
Leuconostoc mesenteroides subsp. dextranicum BA'
TAUL1342 AR®

Lactiplantibacillus paraplantarum

TAUL1365, TAUL1399, TAUL1453

Lactiplantibacillus plantarum subsp. plantarum

TAUL67, TAUL180, TAUL188, TAUL1368, TAUL1569,
TAUL1641, TAUL1667, TAUL1692, TAUL1694,
TAUL1700, TAUL1765

Levilactobacillus brevis

TAUL1567

Lacticaseibacillus paracasei

TAUL1508, TAUL1752

Listeria monocytogenes CTCE4031™ Reference strain for
Staphylococcus aureus CTCE240™ AM "

Enterococcus faecalis CTCE481™

Escherichia coli CTCE101™

Salmonella enterica CTCE4594™

Clostridium tyrobutyricum CTCE4011™

Enterococcus faecalis V583 ' Control for BA
Lentilactobacillus parabuchneri IPLA11150’
Furfurilactobacillus rossiae D87 “

Lactococcus lactis LEY6 '

@ GE: strains of Genestoso cheese (Gonzalez et al., 2010).

Y TAUL: strains of the “Tecnologia de los Alimentos — Universidad de Le6n”
collection (Abarquero et al., 2022).

¢ EP: enzymatic profile.

4 GABA: y-aminobutyric acid production.

¢ AM: antimicrobial activity.

f BA: biogenic amines production.

8 AR: antibiotic susceptibility.

b Reference strain for AM: this work.

! Enterococcus faecalis V583: reference strain for tyramine production
(Fernandez et al., 2004).

I Lentilactobacillus parabuchneri IPLA11150: reference strain for histamine
production (Coton et al., 2010).

* Furfurilactobacillus rossiae D87: Reference strain for putrescine production
(Coton et al., 2010).

! Lactococcus lactis LEY6' reference strain for putrescine production (Ladero
et al., 2011).

™ Type strain of Spanish Type Culture Collection (CTCE), Spain.

2.2. Lactic acid bacteria: molecular identification and PCR fingerprinting

Twenty-four LAB strains isolated from traditional cheeses and
selected for their desirable technological properties (Abarquero et al.,
2022; Gonzalez et al., 2010) were included in this work to exclude
isolates belonging to the same strain (Table 1).

Molecular identification was performed by amplification and
sequencing of the 16S rRNA gene. Total genomic DNA was purified from
overnight cultures using the GenElute™ Bacterial Genomic DNA Kit
(Sigma-Aldrich, St. Louis, MO., USA) according to the manufacturer’s
recommendations. Purified genomic DNA was used as a template to
amplify a 1.5 kb DNA fragment of the 16S rRNA gene using the universal
primer pair 27F and 1492R (Table 2). Polymerase chain reaction (PCR)
mixtures and conditions were described in Cherif-Antar et al. (2016).
Amplicons were purified using GenElute™ PCR Clean-Up columns
(Sigma-Aldrich) and sequenced. Sequences were compared to those
deposited in the NCBI database using the BLAST program (https://blast.
ncbi.nlm.gov/Blast.cgi), and to those in the Ribosomal Database Project
(http://rdp.cme.msu.edu/index.jsp).

The strains were genetically typed by random amplification of
polymorphic DNA-PCR (RAPD-PCR) using primers BoxA2R, M13 and
OPA18 (Table 2). The PCR reaction mixtures contained 2 pl each of
purified genomic DNA, 12.5 pl Taq DNA Polymerase 2x Master Mix RED


https://blast.ncbi.nlm.gov/Blast.cgi
https://blast.ncbi.nlm.gov/Blast.cgi
http://rdp.cme.msu.edu/index.jsp
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Table 2
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Primers used for the identification, PCR fingerprinting and detection of the genes encoding the enzymes glutamate decarboxylase (gadB), tyrosine decarboxylase
(tdcA), histidine decarboxylase (hdcA), ornithine decarboxylase (odc) and agmatine deiminase (aguA-aguD) involved GABA, tyramine, histidine and putrescine

biosynthesis.
Name Target Sequence Product size (bp) Reference
27F 16S rRNA 5-AGAGTTTGATCCTGGCTCAG-3’ 1465 Cherif-Antar et al. (2016)
1492R 5'-GGTTACCTTGTTACGACTT-3'
BoxA2R RAPD 5'-ACGTGGTTTGAAGAGATTTTCG-3' Koeuth et al. (1995)
M13 5-GAGGGTGGCGGTTCT-3 Rossetti and Giraffa (2005)
OPA18 5-AGGTGACCGT-3' Matto et al. (2004)
GadL-F gadB * 5/-TACAATATGCCTTTTCTTTTAG-3’ 1401 Valenzuela et al. (2019)
GadL-R 5-AATCACTCATTTCGGTATAC-3'
GadP-F gadB b 3'-ATGGCAATGTTATACGGTAAAC-5' 1410 Valenzuela et al. (2019)
GadP-R 3'-GTGTGTGAATCCGTATTTCTTAG-5'
GadB-F gadB © 3'-AGGCAGTGTCGAAGCCGGGCAA-5' 1300 Renes et al. (2017)
GadB-R 3'-CATGGATGGGCGTACCACGATCC-5
tdc1 tdcA 5-TACCGTTACAATATGCCATTTG-3' 720 Fernandez et al. (2004)
tdc2 5'-CACACACTTAGGCATAAAGAATC-3'
HDC3 hdcA 5'-GATGGTATTGTTTCKTATGA-3' 435 Coton et al. (2010)
HDC4 5'-CCAAACACCAGCATCTTC-3'
ODC1 odc 5'-NCAYAARCAACAAGYNGG-3' 900 Coton et al. (2010)
0oDC2 5'-GRTANGGNTNNGCACCTTC-3
Seql aguA-aguD 5'-CAAGATTTDTTCTGGGCHTTYTTCTC-3' 700 Ladero et al. (2011)
Seq2 5'-TTGGHCCACARTCACGAACCCT-3'

 Specific primers for Lc. lactis.
b Specific primers for L. plantarum.
¢ Specific primers for L. brevis.

(Ampliqon, Odense, Denmark), 5 pl primer (10 pM) and molecular
biology grade water (Sigma-Aldrich) in a total volume of 25 pl. The PCR
conditions were: one cycle at 95 °C for 7 min, 40 cycles at 95 °C for 30 s,
annealing for 1 min at 40 °C for primer BoxA2R, 42 °C for primer M13 or
32 °C for primer OPA18, 72 °C for 4 min and a final extension cycle at
72 °C for 10 min. PCR profiles were visualised on 2.5% agarose gels after
electrophoresis at 75 V for 120 min and photographed under UV light.
The banding patterns were clustered using the unweighted pair group
method with arithmetic mean (UPGMA) and their pattern similarity was
expressed by the simple matching (SM) coefficient using GeneTools
software v.4.03 (SynGene, Cambridge, UK). To test the reproducibility
of the PCR fingerprinting technique, three DNA extractions of the same
strain (Lc. lactis TAUL227) were performed. Subsequently, amplifica-
tions were performed with the three primers used and the lowest simi-
larity percentage was determined. Reproducibility studies showed a
similarity percentage of more than 84%. Therefore, profiles with >84%
similarity were considered to be the same strain.

2.3. Engymatic activity profile

The API-ZYM system (BioMérieux, Marcy-L’Etoile, France) was used
to evaluate enzymatic activities of potential interest in LAB (enzymes
listed in Table 3). Appropriate liquid media were inoculated with each
LAB strain and incubated for 16 h at 32 °C. Cultures were centrifuged at
7000xg for 15 min at 4 °C. The supernatants were discarded and the
bacterial cells were resuspended in 2 ml phosphate buffer (50 mM, pH
7.0) until they reached an optical density equivalent to McFarland 5.
The cell suspensions were then inoculated into the microtubes of the
API-ZYM strip and incubated according to the manufacturer’s in-
structions. Enzyme activity was graded from O to 5 by comparing the
colour developed within 5 min with the API-ZYM colour reaction chart
(Durlu-Ozkaya et al., 2001). The results were expressed in nmol of
substrate hydrolysed from the intensity of the reactions obtained,
ranging from 0 (no activity) to 5 (40 or more nanomoles released).

2.4. Glutamate dehydrogenase (GDH) assay

GDH activity was assayed in cell-free extracts (CFE) of each of the
LAB strains obtained by mechanical disruption in a MiniBead Beatter
(Biospec, Oklahoma, USA) according to the method described by
Abarquero et al. (2022). The GDH activity of CFE was determined by the
Boehringer glutamic acid colourimetric assay using a commercial glu-
tamic acid colourimetric assay (R-Biopharma, Germany) as described in
Lee et al. (2020). The reaction mixture contained 80 pL distilled water,
80 pL potassium phosphate/triethanolamine buffer (pH 8.6), 40 puL 100
mM L-glutamic acid (Sigma-Aldrich), 40 pL iodonitrotetrazolium and 40
pL NAD-diaphorase (600 pL in total). After adding 60 pl of CFE to the
reaction mixture, 200 pl aliquots of the mixture were immediately added
to each of three wells and incubated for 1 h at 30 °C and the absorbance
measured at 492 nm. To subtract non-specific reactions that could
produce the reduced cofactors, a control assay was prepared for each
strain without the addition of r-glutamic acid. GDH activity was
expressed as the increase in absorbance at 492 nm per mg CFE protein
per minute of reaction.

2.5. Detection of antimicrobial activity

An agar-well diffusion assay was used to determine the antibacterial
activity of LAB strains against six reference strains of pathogenic or
spoilage character (listed in Table 1). One milliliter of a cell suspension
(McFarland’s standard 0.5) obtained from an overnight culture of each
reference strain was inoculated into 15 ml of appropriate semi-solid agar
(broth plus 0.7% bacteriological agar). After solidification, 10 mm
diameter wells were cut and 35 pl of overnight cultures of the test strains
were added. Plates were incubated for 24 h at the appropriate temper-
ature for each reference strain and checked for zones of inhibition. To
determine whether the inhibition was due to acidity, a new agar well
diffusion test was performed after neutralization of the supernatants at
pH 6.0. Finally, to verify that the inhibition was due to the production of
bacteriocin-like compounds and not to the production of hydrogen
peroxide, the neutralised supernatants (pH 6.0) were treated with a
sterile catalase solution (1 mg ml’l).



Table 3

Enzymatic activity” (approximate values), detected using API-ZYM system, of whole cells and specific glutamate dehydrogenase activity of 20 wild lactic acid bacteria strains.
Strain Enzymes tested” GDH activity

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 () mg*lmin*l)C

Lactococcus lactis
GE44 5 10 10 5 >40 10 10 0 5 30 10-20 0 0 0 5 0 0 0 0 4
TAULS8 0 5 5-10 <5 >40 10 20 0 0 >40 5 0 <5 0 5 0 0 0 0 -
TAUL227 5 5 5 0 >40 5 10 0 0 >40 10 0 0 0 0 0 0 0 0 0.018 = 0.004 2>
TAUL266 5 5 5 0 30 5 10 0 0 30 20 0 0 0 0 0 0 0 0 -
TAUL8000 0 5 5-10 0 >40 5 10-20 0 0 >40 30-40 0 <5 0 5 0 0 0 0 0.008 =+ 0.000 2>
TAUL9000 0 5 <5 0 30 <5 10 0 0 >40 10 0 0 0 0 0 0 0 0 0.015 =+ 0.002 2>
Leuconostoc mesenteroides
TAUL1342 0 5 0 0 5 0 5 0 0 5 5 5 >40 0 30 >40 0 0 0 0.009 =+ 0.001 >
Lactiplantibacillus paraplantarum
TAUL1365 10 10 5 5 >40 5 10 0 0 10-20 10-20 5 >40 0 0 5-10 10-20 0 0 0.001 + 0.000 *
TAUL1399 0 5 0 0 >40 20 10 0 0 10 5 0 >40 0 5 20 >40 0 0 0.003 + 0.001 2>
Lactiplantibacillus plantarum
TAUL67 5 <5 <5 0 >40 30 20-30 0 0 20-30 10-20 20 >40 0 30 30-40 >40 0 0 0.001 = 0.000 2>
TAUL188 0 0 0 0 >40 30-40 20 0 0 5-10 10-20 0 >40 0 30 30-40 30-40 0 0 -
TAUL1368 <5 0 <5 0 >40 30 20 0 0 30 10-20 10 >40 0 >40 30-40 >40 0 0 -
TAUL1641 0 0 0 0 >40 30 20 0 0 10 10-20 0 >40 0 30-40 >40 >40 0 0 0.098 +0.012 ¢
TAUL1667 5 5 5 0 >40 30 30 0 0 30 >40 0 >40 5 >40 20 >40 0 0 0.009 =+ 0.003 #*°
TAUL1692 0 0 0 0 >40 30 20 0 0 20 10 0 >40 0 0 30 >40 0 0 -
TAUL1700 0 5 5 5 30 30 30 0 0 10-20 10-20 0 >40 0 >40 10-20 5 0 0 0.008 =+ 0.005 2>
TAUL1765 0 5 5 5 >40 30 20 0 0 20 20 0 >40 0 >40 20 >40 0 0 0.009 =+ 0.003 #*°
Levilactobacillus brevis
TAUL1567 0 5 0 0 >40 30 5 0 0 >40 >40 0 >40 30 30 >40 0 0 0 0.049 =+ 0.001 >
Lacticaseibacillus paracasei
TAUL1508 0 10 10 0 >40 >40 5 0 5 20 20-30 0 >40 0 30-40 0 0 0 0 0.001 =+ 0.000
TAUL1752 0 5 5 0 >40 30 5 0 0 20 30 0 >40 0 >40 30 5 0 0 -

# Enzymatic activity (approximate values) expressed as nmol of substrate hydrolysed.

b Enzymes tested: 1 — Alkaline phosphatase; 2 — Esterase (C4); 3 — Esterase lipase (C8); 4 — Lipase (C14); 5 — Leucine arylamidase; 6 — Valine arylamidase; 7 — Cystine arylamidase; 8 — Trypsin; 9 — a-Chymotrypsin; 10 —
Acid phosphatase; 11 — Naphthol-AS-BI-phosphohydrolase; 12 — a-galactosidase; 13 — p-galactosidase; 14 — p-glucuronidase; 15 — a-glucosidase; 16 - f-glucosidase; 17 - N-acetyl-p-glucosaminidase; 18 — a-manosidase; 19 —
a-fucosidasa.

© Specific GHD activity expressed as increase in Ao, per milligram of protein of CFE and per minute of reaction. “not detected. 2° Values for different strains that do not show a common superscript differ significantly (p
< 0.05).
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2.6. Antibiotic susceptibility

Minimum inhibitory concentrations (MICs) of 16 antibiotics (listed
in Table 4) were determined by microdilution using Sensititre
EULACBI1 and EULACBI2 plates (Trek Diagnostic Systems, East Grin-
stead, UK) according to EFSA guidance on the use of production mi-
croorganisms (EFSA FEEDAP Panel, 2018). Individual colonies were
suspended in sterile saline (0.9% NaCl) until a density equivalent to
McFarland standard 1 was reached. The suspension was then diluted
1000-fold in IsoSensitest (IST) broth (Oxoid) (for Lactococcus) or LSM
medium (90% IST + 10% MRS) (for Lactobacillus and Leuconostoc). A
100 pl aliquot of this suspension was added to each well of the Sensititre
plates and incubated under aerobic conditions at 32 °C for 48 h. MICs
were defined as the lowest concentration (ug ml™') at which no visible
growth was observed.

2.7. Quantification of tyramine, histamine, putrescine and GABA
production by UHPLC

The production of tyramine, histamine and putrescine in liquid cul-
tures was assayed in appropriate media supplemented with 1 mM of
their respective precursor amino acids (tyrosine, histidine, agmatine or
ornithine; all from Sigma-Aldrich, St. Louis, MO., USA), while for the
quantification of GABA production, appropriate liquid media were
supplemented with 5 mM monosodium glutamate (MSG, Sigma-Aldrich)
(Valenzuela et al., 2019). The supplemented media were inoculated with
each LAB strain and incubated for 48 h under optimal conditions.

After incubation, the cultures were centrifuged (15,000xg for 10

Table 4
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min). The supernatants were filtered through a 0.45 pm cellulose
membrane (Millipore, Burlington, MA, USA). Aliquots of 100 pl were
derivatised with diethyl ethoxymethylene malonate (DEEMM; Sigma-
Aldrich) as previously described (Valenzuela et al., 2019). L-2-amino-
adipic acid (Sigma-Aldrich) was used as an internal standard. Ten pl of
the derivatised sample was subjected to ultra-high performance liquid
chromatography (UHPLC) using a Waters H-Class ACQUITY UPLC sys-
tem coupled to a photodiode array detector (Waters, Milford, MA, USA)
and separation was performed using a Waters Acquity UPLC™ BEH C18
column (1.7 pm particle size, 100 mm x 2.1 mm L.D.) according to the
method described by Redruello et al. (2013).

2.8. Detection of GABA and biogenic amines production genes

The presence of the glutamate decarboxylase (gadB), tyrosine
decarboxylase (tdcA), histidine decarboxylase (hdcA), ornithine decar-
boxylase (odc) genes and agmatine deiminase cluster (aguA-aguD) was
determined by PCR amplification using the specific primers described in
Table 2. The PCR reaction mixtures contained 1 pl of each purified
genomic DNA, 12.5 pl of Taq DNA Polymerase 2x Master Mix RED, 1 pl
of each primer (10 pM), and molecular biology grade water in a total
volume of 25 pl. The PCR conditions were One cycle at 95 °C for 5 min,
35 cycles at 95 °C for 45 s, annealing for 1 min at 56 °C for GadL-F/GadL-
R, GadP-F/GadP-R and GadB-F/GadB-R, 1 min at 50 °C for primers tdc1/
tdc2, 1 min at 52 °C for primers HDC3/HDC4 and ODC1/0DC2 or 25 s at
52 °C for primers Seql/Seq2; and 72 °C for 2 min; and a final extension
cycle at 72 °C for 10 min. Amplification was visualised on 2.5% agarose
gels after electrophoresis at 75 V for 60 min. Amplicons were purified

Minimum inhibitory concentration (MIC) to 16 antibiotics of 20 wild lactic acid bacteria strains.

Strain Antibiotic® (MIC as pg ml™1)

GEN KAN STR NEO TET ERY CLI CHL AMP PEN VAN SYN LZD TMP CIP RIF
Lactococcus lactis
GE44 1 4 8 2 0.12 0.03 <0.03 1 0.06 0.06 <0.25 0.5 1 >64 2 2
TAULS8 1 8 16 8 0.12 0.03 0.03 1 0.12 0.12 0.25 0.5 0.5 >64 2 8
TAUL227 0.5 2 1 0.25 0.015 <0.03 1 0.06 0.12 <0.25 1 0.5 >64 2 8
TAUL266 <0.5 2 4 1 0.25 0.03 <0.03 1 0.06 0.12 <0.25 0.5 0.5 >64 2 8
TAUL8000 1 8 16 4 0.12 0.03 <0.03 1 0.12 0.12 0.25 0.5 0.5 >64 2 8
TAUL9000 1 4 1 0.5 0.03 0.06 2 0.12 0.25 0.25 2 1 >64 2 8
Cut-off” 32 64 32 4 1 1 8 2 - 4 - - - - -
Leuconostoc mesenteroides
TAUL1342 <0.5 4 4 0.25 1 0.03 <0.03 2 0.5 0.25 >128 0.25 1 4 2 0.25
Cut-off 16 16 64 - 8 1 1 4 2 - irt - - - - -
Lactiplantibacillus paraplantarum
TAUL1365 <0.5 <2 1 <0.12 4 0.015 0.03 0.5 0.06 0.25 >128 0.25 0.5 <0.12 0.25 0.12
TAUL1399 <0.5 <2 4 0.25 4 0.03 0.25 1 2 16 >128 0.25 0.5 <0.12 4 0.25
Lactiplantibacillus plantarum
TAUL67 <0.5 8 8 0.5 8 0.03 0.12 2 1 4 >128 0.5 2 1 8 0.5
TAUL188 <0.5 8 8 0.5 8 0.03 0.12 2 1 16 >128 0.5 2 <0.12 8 1
TAUL1368 <0.5 4 4 0.25 8 0.06 0.06 2 1 4 >128 0.5 1 <0.12 8 0.5
TAUL1641 <0.5 4 4 0.25 8 0.03 0.03 2 1 8 >128 0.5 1 0.12 16 1
TAUL1667 <0.5 4 4 0.5 16 0.03 0.06 2 1 16 >128 1 1 0.12 8 0.5
TAUL1692 <0.5 8 4 0.25 4 0.03 0.03 1 0.06 0.25 >128 0.25 0.5 <0.12 4 0.25
TAUL1700 <0.5 8 4 0.25 2 0.06 0.03 1 1 0.25 >128 0.25 0.5 <0.12 4 0.25
TAUL1765 <0.5 4 4 0.25 2 0.03 0.03 1 0.06 0.25 >128 0.25 0.5 <0.12 4 0.25
Cut-off 16 64 - - 32 1 4 8 2 - ir. - - - - -
Levilactobacillus brevis
TAUL1567 <0.5 2 2 <0.12 8 0.015 0.25 2 0.25 0.5 >128 0.25 1 <0.12 4 0.12
Cut-off 16 16 64 - 8 1 4 4 2 - ir. - - - - -
Lacticaseibacillus paracasei
TAUL1508 2 16 16 4 1 0.03 0.03 2 0.5 0.25 >128 0.25 0.5 2 1 <0.12
TAUL1752 1 16 16 2 0.5 0.015 <0.03 2 0.5 0.25 >128 0.25 1 0.5 1 0.12
Cut-off 32 64 64 - 4 1 4 4 4 - ir. - - - - -

@ GEN, gentamicin; KAN, kanamycin; STR, streptomycin; NEO, neomycin; TET, tetracycline; ERY, erythromycin; CLI, clindamycin; CHL, chloramphenicol; AMP,
ampicillin; PEN, penicillin; VAN, vancomycin; SYN, quinupristin-dalfopristin; LZD, linezolid; TMP, trimethoprim; CIP, ciprofloxacin; RIF, rifampicin.

b Cut-off expressed in pg ml~'.
¢ _, cut-off not established. * . r., intrinsically resistant.
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using GenElute PCR Clean-Up columns and sequenced. The sequences
obtained were assembled and compared with those in databases using
BLAST software (https://blast.ncbi.nlm.gov/Blast.cgi). DNA sequences
were aligned using the Clustal W algorithm included in the MEGA11
software and their phylogenetic relationships calculated using the
Maximum Likelihood-Ratio Test (Tamura et al., 2021). The gadB gene
sequences from Lc. lactis NCDO2727 (GenBank Accession no.
MK225577.1) (Laroute et al., 2022), L. plantarum GM1403 (GenBank
accession no. MN991271.1) (Lyu et al., 2021) and L. brevis NCL912
(GenBank accession no. JX074764.2) (Li et al., 2013) were used as
comparators.

2.9. Statistical analysis

Statistical analysis of GABA production and GDH activity were per-
formed using SPSS v.25 (SPSS, Chicago, IL, USA). Due to the non-normal
distribution of the data, the Kruskal-Wallis test was used to determine
statistical differences (p < 0.05) between strains. To analyse differences
between groups, a post-hoc Mann-Whitney test was used and significant
results were adjusted using the Bonferroni correction.

3. Results and discussion
3.1. Molecular identification and PCR fingerprinting

The ascription of the strains to the species level, previously identified
by Maldi TOF/MS (Table 1), was confirmed by 16S rRNA gene
sequencing and the sequences were compared with databases.

Using a threshold of 84% identity obtained in the reproducibility
study, 20 different RAPD profiles were independently obtained with
BoxA2R, M13 and OPA18 primers. Therefore, all these 20 profiles were
considered to belong to different strains: Lc. lactis (6), Ln. mesenteroides
(1), L. paraplantarum (2), L. plantarum (8), L. brevis (1) and L. paracasei
(2). This typing revealed that L. paraplantarum isolates TAUL1365 and
TAUL1453 were probably the same strain. Also, L. plantarum isolates
TAUL67 and TAUL180, as well as isolates TAUL1569 and TAUL1641,
which were considered to be the same strain, and isolates TAUL1692
and TAUL1694, which also had the same RAPD profile.

3.2. Enzymatic activity profile

The enzyme activities of the 20 LAB strains evaluated using the API-
ZYM system are shown in Table 3. No or very low alkaline phosphatase
activity was detected in the strains tested, which seems to be common
among LAB. None of the strains showed activity (or very low activity) for
trypsin, a-manosidase and a-fucosidase. -glucuronidase, a rare activity
in LAB, was only detected in L. brevis. This enzyme is associated with the
production of compounds of a toxic and carcinogenic nature, making it
an undesirable activity among starter culture strains (Michlmayr &
Kneifel, 2014). In contrast, high levels of N-acetyl-p-glucosaminidase
were found in L. paraplantarum and L. plantarum strains. These results
are in agreement with those reported by Karakas-Sen and Karakas
(2018) for some L. plantarum strains isolated from raw milk. Esterase
(C4) and esterase-lipase (C8) activities were low or undetectable (from
0 to 10 nmol of substrate hydrolysed), while lipase (C14) activity was
detected only in two strains of L. plantarum, one strain of
L. paraplantarum and two strains of Lc. lactis (5 nmol of substrate
hydrolysed). However, even low levels of lipolytic activity in cheese
starter cultures may be important for flavour development in cheeses,
especially in long-ripened cheeses, due to the low detection threshold of
compounds resulting from lipolytic activity (Domingos-Lopes et al.,
2017). Acid phosphatase activity, an essential enzyme for the hydrolysis
of phosphopeptides prevalent in cheese ripening (Domingos-Lopes et al.,
2017), showed values between 5 and more than 40 nmol of hydrolysed
substrate, being particularly high in Lc. lactis strains. On the other hand,
the proteolytic activities of LAB generate peptides and free amino acids
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that act as precursors in decarboxylation, deamination, transamination
and desulphurisation reactions, which play a crucial role in determining
the flavour of foods (Garcia-Cano et al., 2019). Leu-arylamidase activity
was detected in all strains, with significant activity (in the order of 40
nmol of hydrolysed substrate) in most strains. Val-arylamidase activity
was high in lactobacilli strains, while Cys-arylamidase activity was
somewhat lower but was also detected in Lactococcus strains. The
presence of strong Leu-arylamidase activity detected in most LAB strains
is desirable for use as a starter, as aminopeptidases release amino acids
during cheese ripening, which can be metabolised by bacterial enzymes
into other products, playing an interesting role in cheese flavour
(Camara et al., 2019; Domingos-Lopes et al., 2017). It can also reduce
bitterness by hydrolysing bitter peptides formed in cheese (Gonzalez
et al., 2015). Most strains of the lactobacilli and Leuconostoc showed
high p-galactosidase, a-glucosidase and p-glucosidase activity (30-40
nmol hydrolysed substrate), while no or very low activity was detected
in Lc. lactis strains. These results are consistent with those reported by
other authors (Camara et al., 2019; Mechai et al., 2014). B-Galactosidase
is involved in the acidification process of milk, may contribute to the
alleviation of lactose intolerance, and its activity leads to the formation
of galactooligosaccharides, which have a prebiotic and bifidogenic ef-
fect, so the selection of LAB with high p-galactosidase activity may be
interesting from both a technological and probiotic point of view
(Camara et al., 2019). B-glucosidase is important because, in combina-
tion with other enzymes, it contributes to the hydrolysis of poly-
saccharides such as cellulose, and a-glucosidase can hydrolyse maltose
and are therefore interesting properties for probiotic LAB strains
(Michlmayr & Kneifel, 2014).

3.3. Glutamate dehydrogenase activity

The results of the GDH activity assay (Table 3) showed that 13 of the
20 LAB strains included in this study had GDH activity. However, the
activity values were significantly different (p < 0.05), with L. plantarum
TAUL1641 and L. brevis TAUL1567 strains having the highest activity
values (0.098 and 0.049 U mg-1 min-1, respectively). These results
confirm that although GDH activity is a ubiquitous enzyme, its presence
is highly species and strain dependent (Tanous et al., 2002). In com-
parison with other assays, our results are similar to those obtained by
Kieronczyk et al. (2003) or Lee et al. (2020) who also tested starter and
non-starter LAB strains. In these works, GDH activity was also found to
be strain dependent, with activity values ranging from 0.001 to 0.2 U
mg’1 min~1,

Cheese flavours are produced by a complex process and are the result
of a precise balance and concentration of a variety of volatile com-
pounds, many of which are directly derived from amino acid catabolism
(Smit et al., 2005). GDH activity is crucial in this catabolic flux, as
transamination is dependent on the availability of a-ketoglutarate.
Therefore, selection of LAB strains on the basis of this activity can be
very beneficial for strain inclusion in new cheese starter cultures (Lee
et al., 2020; Mazhar et al., 2020).

3.4. Antimicrobial activity

The agar-well diffusion assays against the six reference microor-
ganisms (Table S1) showed that antimicrobial effect of the strains dis-
appeared when the supernatants were neutralised (pH 6.0), except for
Lc. lactis GE44 that inhibited L. monocytogenes CTCE4031 and
L. plantarum TAUL1667 that inhibited E. faecalis CTCE481. However,
when the neutralised supernatants were treated with catalase, only
L. plantarum TAUL1667 inhibited the growth of E. faecalis CTCE481. In
view of the results, most of the strains inhibited the growth of the
reference strains by lowering the pH of the medium, resulting from the
production of organic acids. In addition, Lc. lactis strain GE44 inhibited
the growth of L. monocytogenes CTCE4031 by HyO, production; while
L. plantarum TAUL1667 inhibited the growth of E. faecalis CTCE481 by
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another type of antimicrobial compound, possibly a bacteriocin-like
compound.

In recent years, bacteriocins have attracted much interest as poten-
tial antimicrobials for food preservatives (Tang et al., 2022). Traditional
fermented dairy products represent an important niche for LAB isolates
capable of inhibiting the growth of spoilage indicator and pathogenic
bacteria (Agostini et al., 2018). However, the production of inhibitory
compounds in LAB, such as bacteriocins, is a strain-specific trait, so
finding producing strains requires screening large numbers of strains. In
previous studies, the proportion of LAB strains producing antimicrobial
compounds has been variable, ranging from studies detecting a high
proportion of strains producing bacteriocin-like compounds (March-
winska & Gwiazdowska, 2022; Tulini et al., 2016) to others where the
proportion was much lower (Agostini et al., 2018; Camara et al., 2019).
Therefore, it is not surprising that in a small group of strains, such as
those included in this study, only one strain was found to be able to
inhibit the growth of one of the indicator microorganisms.

3.5. Antibiotic susceptibility

The presence of transferable antibiotic resistance is a key criterion
for the selection of strains for use in feed and food (EFSA FEEDAP Panel,
2018; Sirichoat et al., 2020). Table 4 shows the results for antibiotic
susceptibility against a set of 16 antibiotics using a broth microdilution
method. Focusing on lactobacilli, they are generally sensitive to tetra-
cycline, erythromycin, chloramphenicol, penicillin, ampicillin, clinda-
mycin, quinupristin-dalfopristin, linezolid and rifampicin (Anisimova &
Yarullina, 2019; Sirichoat et al., 2020), while they are intrinsically
resistant to vancomycin and ciprofloxacin. Reference values for most
LAB species beyond those provided by EFSA are lacking. The resistance
of Lc. lactis strains to high levels of trimethoprim has been repeatedly
reported and is considered intrinsic (Huys et al., 2002; Katla et al.,
2001). In the present study, two strains had MICs equal to the limits
established to separate susceptible from resistant strains (EFSA FEEDAP
Panel, 2018): L. paraplantarum TAUL1399, which had a MIC of 2 pg m1~!
against ampicillin, and L. brevis TAUL1567, which had a MIC of 8 pg
ml~! against tetracycline. MICs equal to or one dilution higher than the
cut-offs are considered to be within the normal variation of the micro-
dilution assay and not of concern (Huys et al., 2010). Nevertheless, it
may be appropriate to screen for genes involved in resistance to these
antimicrobials before using them as starters.

Table 5
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3.6. Biogenic amines production and detection of their production genes

The detection of strains producing toxic biogenic amines is another
criterion of interest when including or not including LAB strains in
starter cultures. In fermented dairy products, especially cheese, prote-
olysis leads to the release of free amino acids that can be converted into
toxic BAs (Tofalo et al., 2019). The production and accumulation of
toxic BAs in cheese, such as histamine and tyramine, can be detrimental
to health (Tittarelli et al., 2019). Table 5 shows the LAB producing
strains and the concentrations of BAs detected by UHPLC and the pre-
sence/absence of the tdcA, hdcA and odc genes and the aguA-aguD gene.
There was no production of any of the BAs studied and no amplification
of any of the genes studied in any of the L. paraplantarum, L. paracasei
and Ln. mesenteroides strains. No histamine or putrescine (from orni-
thine) production or amplification of the hdcA and odc genes was
detected in any of the Lc. lactis, L. plantarum and L. brevis strains.
Tyramine production was only detected in L. brevis TAUL1567 strain, at
a concentration of 193.15 pg ml~! and PCR detection of the tdc gene was
positive. However, tdc gene amplifications were also obtained in Lc.
lactis TAUL88 and TAUL227 but tyramine production was not detected
under the conditions studied. Lc. lactis is the most widely used LAB
species as a starter culture for the production of cheese and other fer-
mented dairy products. It should be noted that, although some strains
have been identified as tyramine producing, tyramine production by Lc.
lactis is not common. Putrescine production from agmatine was detected
in Lc. lactis TAUL88 and TAULS80O0O strains and in L. brevis TAUL1567,
which showed the highest concentration (52.27 pg ml™1). Two types of
results were obtained for the aguA-aguD gene clusters, two types of re-
sults were obtained: 700 bp amplicons in L. brevis TAUL1567 and Lc.
lactis TAUL88, TAUL8000 and TAUL9000; and 1500 bp amplicons for
Lc. lactis GE44, TAUL227 and TAUL266.

As can be seen, in some of the strains the presence of the genes
involved was detected by PCR, but the production of BAs was not. This
could be due to an alteration of the genes or other genes involved in the
synthesis. In the case of Lc. lactis GE44, TAUL227 and TAUL266, the
sequence of the cluster aguA-aguD was 1500 bp in size. When compared
with the sequences deposited in the databases, 98.34% identity was
obtained with the sequence of the aguD gene disrupted by the IS983N
transposase (GenBank accession no. FR856582.1). As reported in the
work of Ladero et al. (2011), the presence of this IS element disrupts the
transcription of the AGDI cluster, preventing the production of

GABA, tyramine and putrescine production (g ml™1) in 15 out of 20 wild lactic acid bacteria strains® and detection gadB, tdcA genes and aguA-aguD gene cluster by

polymerase chain reaction amplification.

Species Strain GABA" gadB Tyramine” tdcA Putrescine” aguA-aguD
Lactococcus lactis GE44 211.29 + 3.01 + - - - 1s¢
TAULS8 58.47 + 4.54 + - + 43.11 + 0.22 +
TAUL227 62.80 £ 1.75 + - + - IS
TAUL266 69.92 + 0.03 + - - - IS
TAUL8000 54.76 + 0.08 + - - 43.81 + 0.64 +
TAUL9000 s + - - - +
Lactiplantibacillus plantarum TAUL67 330.40 + 0.42 + - - - -
TAUL188 115.29 + 1.65 + - - - -
TAUL1368 79.61 +1.28 + - - - -
TAUL1641 91.16 + 2.04 + - - - -
TAUL1667 54.34 + 1.09 + - - - -
TAUL1692 4.23 + 0.01 + - - - -
TAUL1700 177.78 £ 0.91 + - - - -
TAUL1765 98.07 + 0.33 + - - - -
Levilactobacillus brevis TAUL 1567 845.99 + 8.11 + 193.15 £+ 0.09 + 52.27 + 0.28 +

 Lactic acid bacteria strains in which the production of the compound and/or the presence of the genes involved have been detected. In the remaining five strains,

neither the compound nor the genes involved were detected.

> GABA, tyramine and putrescine production in liquid cultures supplemented with 5 mM monosodium glutamate, 1 mM tyrosine or 1 mM agmatine, respectively;
quantified by UHPLC analysis after derivatization. Results expressed as mean values + standard deviation of two biologically-independent replicates.
¢ IS = Positive amplification of the aguA-aguD fragment including the transposase IS983N sequence (GenBank accession no. FR856582.1).

d (—) not detected.
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putrescine from agmatine. On the other hand, although the tdcA gene
was detected in Lc. lactis strains TAUL88 and TAUL227, no production of
this BA was recorded; therefore, it would be useful to evaluate the
production of tyramine in these strains under different culture
conditions.

3.7. GABA production and detection of glutamate decarboxylase gene

GABA production was detected in the eight L. plantarum strains, in
five Lc. lactis strains and in the L. brevis strain, which had the highest
production with a GABA concentration of 845.99 pg ml~! (Table 5). In
concordance with these results, other authors have reported GABA
production by LAB isolated from traditional cheeses, including strains of
different species (L. plantarum, L. brevis and Lc. lactis) (Cui et al., 2020;
Redruello et al., 2021). However, GABA production differed from that
found in other studies (Jitpakdee et al., 2021; Kanklai et al., 2021). In
the latter, the much higher production may be due to MSG acting as a
limiting factor for production. Thus, the incorporation of a low con-
centration of MSG into the culture could be the reason for the lower
GABA production.

As several GABA-producing strains of L. plantarum and Lc. lactis were
found, the sequence of the gadB gene in these strains was compared to
see if there were differences between them. Positive amplifications of
the gadB gene were obtained in all GABA-producing strains (Table 5).
The internal segments covering most of the amplified GAD genes were
sequenced, and the sequences obtained showed very high percentages of
identity with the gadB gene sequences of Lc. lactis (>98%), L. brevis
(>98%) and L. plantarum (>97%). Fig. 1 shows a phylogenetic tree of
the internal segment of the gadB genes from Lc. Lactis, L. plantarum and
L. brevis strains. The multiple sequence alignment showed that the GAD
sequences of the six Lc. lactis strains were almost identical. Only one
nucleotide substitution was found in the sequences of Lc. lactis strains
TAUL88 and TAUL8000 compared to all other strains. In contrast, a total
of 34 nucleotide substitutions were found in the sequences of the
L. plantarum strains. As shown in Fig. 1, two types of sequences can be
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distinguished phylogenetically in this species: a first group consisting of
L. plantarum strains TAUL188, TAUL1692, TAUL1700, TAUL1765 (more
similar to the L. plantarum GM1403 sequence); and a second group
consisting of L. plantarum strains TAUL67, TAUL1368, TAUL1667 and
TAUL1641. Despite this sequence heterogeneity, no relationship was
found between the two groups and GABA production in L. plantarum
strains. The explanation for this may be that the polymorphisms do not
affect the active site of the enzyme or the binding site of pyridoxal-5'-
phosphate, a cofactor of the decarboxylation reaction (Lyu et al., 2021).
However, variations in the amount of GABA produced by the strains
included in the study, both Lc. lactis and L. plantarum, may be due to the
genetic background involved in the GABA biosynthesis pathway
(Yogeswara et al., 2020).

4. Conclusions

The selection of LAB strains through technological characterization
is a key element in the search for new strains for the development of
starter cultures for cheese, but before testing the cultures in cheese
production, it is essential to study the safety of the strains to avoid that
the selected strains pose a health risk. In this respect, the study of the
different enzymatic activities showed high values of proteolytic activity,
especially in L. plantarum strains, while the values of lipolytic activities
were higher in Lc. lactis strains; and the specific study of GDH activity in
LAB strains showed that this key activity in amino acid catabolism was
present in 13 strains, with L. plantarum TAUL1641 and L. brevis
TAUL1567 strains showing the highest values. On the other hand,
L. plantarum TAUL1667 showed antimicrobial activity against E. faecalis
after neutralization and catalase treatment of the supernatant; and one
strain of Lc. lactis, three strains of L. plantarum and one strain of L. brevis
produced GABA above 100 pg ml ™!, Finally, the antibiotic resistance
study showed that the 20 selected LAB strains are suitable for inclusion
in starter cultures. However, three biogenic amine-producing strains
were found, which should not be included in starter cultures: L. brevis
TAUL1567, which produced tyramine and putrescine, and Lc. lactis
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Fig. 1. Phylogenetic tree (maximum-likelihood method) of the internal segment (1,158 bp long) of the different glutamate decarboxylase (gadB) genes from the
Lactococcus lactis (LCL), Lactiplantibacillus plantarum (LP) and Levilactobacillus brevis (LB) strains. The sequences of Lactococcus lactis NCDO2727 (GenBank Accession
no. MK225577.1), Lactiplantibacillus plantarum GM1403 (GenBank accession no. MN991271.1) and Levilactobacillus brevis NCL912 (GenBank accession no.
JX074764.2) were used as comparators. Figure was generated from MEGA (v.11) after ClustalW alignment of GAD internal segments. The length of branches is

proportional to the number of substitutions per site.
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TAUL88 and Lc. lactis TAUL8000, which produced putrescine. Based on
this study, Lc. lactis strain GE44 could be a good candidate for starter
culture design, and testing in cheese production; while L. plantarum
strains TAUL67, TAUL1641 and TAUL1667 could be selected as adjunct
cultures based on their enzymatic and antimicrobial activity,
respectively.

CRediT authorship contribution statement

Daniel Abarquero: Methodology, Validation, Formal analysis,
Investigation, Writing — original draft. Raquel Bodelon: Investigation.
Ana Belén Florez: Conceptualization, Methodology, Validation. José
Maria Fresno: Writing — review & editing, Supervision. Erica Renes:
Conceptualization, Writing - review & editing. Baltasar Mayo:
Conceptualization, Writing — review & editing. Maria Eugenia Torna-
dijo: Conceptualization, Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgements

Authors thank to the University of Le6n (Leén, Spain) for granting a
PhD fellowship to Daniel Abarquero Camino and for the support to
finance the open access publication.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.1wt.2023.114709.

References

Abarquero, D., Renes, E., Combarros-Fuertes, P., Fresno, J. M., & Tornadijo, M. E. (2022).
Evaluation of technological properties and selection of wild lactic acid bacteria for
starter culture development. LWT, 171(August), Article 114121. https://doi.org/
10.1016/j.1wt.2022.114121

Agostini, C., Eckert, C., Vincenzi, A., Machado, B. L., Jordon, B. C., Kipper, J. P.,
Dullius, A., Dullius, C. H., Lehn, D. N., Sperotto, R. A., Pozzobon, A., Granada, C. E.,
Maciel, M. J., & Volken de Souza, C. F. (2018). Characterization of technological and
probiotic properties of indigenous Lactobacillus spp. from south Brazil. 3 Biotech, 8
(11), 451. https://doi.org/10.1007/513205-018-1469-7

Anisimova, E. A., & Yarullina, D. R. (2019). Antibiotic resistance of Lactobacillus strains.
Current Microbiology, 76(12), 1407-1416. https://doi.org/10.1007/500284-019-
01769-7

Camara, S., Dapkevicius, A., Riquelme, C., Elias, R., Silva, C., Malcata, F., &
Dapkevicius, M. (2019). Potential of lactic acid bacteria from Pico cheese for starter
culture development. Food Science and Technology International, 25(4), 303-317.
https://doi.org/10.1177/1082013218823129

Chen, W., Yu, L., & Shi, Y. (2019). Safety evaluation of lactic acid bacteria. In Lactic acid
bacteria (pp. 371-409). Springer Nature Singapore. https://doi.org/10.1007/978-
981-13-7832-4_11.

Cherif-Antar, A., Moussa-Boudjemaa, B., Didouh, N., Medjahdi, K., Mayo, B., &

Flérez, A. B. (2016). Diversity and biofilm-forming capability of bacteria recovered
from stainless steel pipes of a milk-processing dairy plant. Dairy Science &
Technology, 96(1), 27-38. https://doi.org/10.1007/513594-015-0235-4

Coton, M., Romano, A., Spano, G., Ziegler, K., Vetrana, C., Desmarais, C., Lonvaud-
Funel, A., Lucas, P., & Coton, E. (2010). Occurrence of biogenic amine-forming lactic
acid bacteria in wine and cider. Food Microbiology, 27(8), 1078-1085. https://doi.
0rg/10.1016/j.fm.2010.07.012

Cui, Y., Miao, K., Niyaphorn, S., & Qu, X. (2020). Production of gamma-aminobutyric
acid from lactic acid bacteria: A systematic review. International Journal of Molecular
Sciences, 21(3), 995. https://doi.org/10.3390/ijms21030995

Domingos-Lopes, M. F. P., Stanton, C., Ross, P. R., Dapkevicius, M. L. E., & Silva, C. C. G.
(2017). Genetic diversity, safety and technological characterization of lactic acid
bacteria isolated from artisanal Pico cheese. Food Microbiology, 63, 178-190. https://
doi.org/10.1016/j.fm.2016.11.014

LWT 180 (2023) 114709

Durak-Dados, A., Michalski, M., & Osek, J. (2020). Histamine and other biogenic amines
in food. Journal of Veterinary Research, 64(2), 281-288. https://doi.org/10.2478/
jvetres-2020-0029

Durlu-Ozkaya, F., Xanthopoulos, V., Tunail, N., & Litopoulou-Tzanetaki, E. (2001).
Technologically important properties of lactic acid bacteria isolates from Beyaz
cheese made from raw ewes’ milk. Journal of Applied Microbiology, 91(5), 861-870.
https://doi.org/10.1046/j.1365-2672.2001.01448.x

EFSA FEEDAP Panel. (2018). Guidance on the characterisation of microorganisms used
as feed additives or as production organisms. EFSA Journal, 16(3), 1-24. https://doi.
org/10.2903/j.efsa.2018.5206

Falah, F., Vasiee, A., Alizadeh Behbahani, B., Tabatabaee Yazdi, F., & Mortazavi, S. A.
(2021). Optimization of gamma-aminobutyric acid production by Lactobacillus brevis
PML1 in dairy sludge-based culture medium through response surface methodology.
Food Science & Nutrition, January, 1. https://doi.org/10.1002/fsn3.2304. -10.

Favaro, L., Barretto Penna, A. L., & Todorov, S. D. (2015). Bacteriocinogenic LAB from
cheeses — application in biopreservation? Trends in Food Science & Technology, 41(1),
37-48. https://doi.org/10.1016/j.tifs.2014.09.001

Fernandez, M., Linares, D. M., & Alvarez, M. A. (2004). Sequencing of the tyrosine
decarboxylase cluster of Lactococcus lactis IPLA 655 and the development of a PCR
method for detecting tyrosine decarboxylating lactic acid bacteria. Journal of Food
Protection, 67(11), 2521-2529. https://doi.org/10.4315/0362-028X-67.11.2521

Garcia-Cano, 1., Rocha-Mendoza, D., Ortega-Anaya, J., Wang, K., Kosmerl, E., & Jiménez-
Flores, R. (2019). Lactic acid bacteria isolated from dairy products as potential
producers of lipolytic, proteolytic and antibacterial proteins. Applied Microbiology
and Biotechnology, 103(13), 5243-5257. https://doi.org/10.1007/500253-019-
09844-6

Gonzalez, L., Cuadrillero, A. F., Castro, J. M., Bernardo, A., & Tornadijo, M. E. (2015).
Selection of lactic acid bacteria isolated from San Simén da Costa Cheese (PDO) in
order to develop an autochthonous starter culture. Advances in Microbiology, 5(11),
748-759. https://doi.org/10.4236/aim.2015.511079

Gonzalez, L., Sacristan, N., Arenas, R., Fresno, J. M., & Eugenia Tornadijo, M. (2010).
Enzymatic activity of lactic acid bacteria (with antimicrobial properties) isolated
from a traditional Spanish cheese. Food Microbiology, 27(5), 592-597. https://doi.
0rg/10.1016/j.fm.2010.01.004

Huys, G., D'Haene, K., Cnockaert, M., Tosi, L., Danielsen, M., Flérez, A. B., Métto, J.,
Axelsson, L., Korhonen, J., Mayrhofer, S., Egervarn, M., Giacomini, M., &
Vandamme, P. (2010). Intra- and interlaboratory performances of two commercial
antimicrobial susceptibility testing methods for bifidobacteria and nonenterococcal
lactic acid bacteria. Antimicrobial Agents and Chemotherapy, 54(6), 2567-2574.
https://doi.org/10.1128/AAC.00407-10

Huys, G., D’Haene, K., & Swings, J. (2002). Influence of the culture medium on antibiotic
susceptibility testing of food-associated lactic acid bacteria with the agar overlay
disc diffusion method. Letters in Appied Microbiology, 34, 402-406. https://doi.org/
10.1046/j.1472-765x.2002.01109.x

Jitpakdee, J., Kantachote, D., Kanzaki, H., & Nitoda, T. (2021). Selected probiotic lactic
acid bacteria isolated from fermented foods for functional milk production: Lower
cholesterol with more beneficial compounds. LWT - Food Science and Technology, 135
(May 2020), Article 110061. https://doi.org/10.1016/j.1wt.2020.110061

Kanklai, J., Somwong, T. C., Rungsirivanich, P., & Thongwai, N. (2021). Screening of
GABA-producing lactic acid bacteria from Thai fermented foods and probiotic
potential of Levilactobacillus brevis f064a for GABA-fermented mulberry juice
production. Microorganisms, 9(1), 1-17. https://doi.org/10.3390/
microorganisms9010033

Karakas-Sen, A., & Karakas, E. (2018). Isolation, identification and technological
properties of lactic acid bacteria from raw cow milk. Bioscience Journal, 34(2),
985-999.

Katla, A. K., Kruse, H., Johnsen, G., & Herikstad, H. (2001). Antimicrobial susceptibility
of starter culture bacteria used in Norwegian dairy products. International Journal of
Food Microbiology, 67, 147-152. https://doi.org/10.1016/50168-1605(00)00522-5

Kieronczyk, A., Skeie, S., Langsrud, T., & Yvon, M. (2003). Cooperation between
Lactococcus lactis and nonstarter lactobacilli in the formation of cheese aroma from
amino acids. Applied and Environmental Microbiology, 69(2), 734-739. https://doi.
org/10.1128/AEM.69.2.734-739.2003

Koeuth, T., Versalovic, J., & Lupski, J. R. (1995). Differential subsequence conservation
of interspersed repetitive Streptococcus pneumoniae BOX elements in diverse
bacteria. Genome Research, 5(4), 408-418. https://doi.org/10.1101/gr.5.4.408

Ladero, V., Rattray, F. P., Mayo, B., Martin, M. C., Fernandez, M., & Alvarez, M. A.
(2011). Sequencing and transcriptional analysis of the biosynthesis gene cluster of
putrescine-producing Lactococcus lactis. Applied and Environmental Microbiology, 77
(18), 6409-6418. https://doi.org/10.1128/AEM.05507-11

Laroute, V., Beaufrand, C., Gomes, P., Nouaille, S., Tondereau, V., Daveran-

Mingot, M. L., Theodorou, V., Eutamene, H., Mercier-Bonin, M., & Cocaign-
Bousquet, M. (2022). Lactococcus lactis NCDO2118 exerts visceral antinociceptive
properties in rat via GABA production in the gastrointestinal tract. Elife, 11, 1-18.
https://doi.org/10.7554/eLife.77100

Lee, H. W., Kim, 1. S., Kil, B. J., Seo, E., Park, H., Ham, J. S., Choi, Y. J., & Huh, C. S.
(2020). Investigation of flavor-forming starter Lactococcus lactis subsp. lactis
LDTM6802 and Lactococcus lactis subsp. cremoris LDTM6803 in miniature gouda-
type cheeses. Journal of Microbiology and Biotechnology, 30(9), 1404-1411. https://
doi.org/10.4014/jmb.2004.04004

Li, H., Li, W., Liu, X., & Cao, Y. (2013). gadA gene locus in Lactobacillus brevis NCL912
and its expression during fed-batch fermentation. FEMS Microbiology Letters, 349(2),
108-116. https://doi.org/10.1111/1574-6968.12301

Luo, H., Liu, Z., Xie, F., Bilal, M., Liu, L., Yang, R., & Wang, Z. (2020). Microbial
production of gamma-aminobutyric acid: Applications, state-of-the-art


https://doi.org/10.1016/j.lwt.2023.114709
https://doi.org/10.1016/j.lwt.2023.114709
https://doi.org/10.1016/j.lwt.2022.114121
https://doi.org/10.1016/j.lwt.2022.114121
https://doi.org/10.1007/s13205-018-1469-7
https://doi.org/10.1007/s00284-019-01769-7
https://doi.org/10.1007/s00284-019-01769-7
https://doi.org/10.1177/1082013218823129
https://doi.org/10.1007/978-981-13-7832-4_11
https://doi.org/10.1007/978-981-13-7832-4_11
https://doi.org/10.1007/s13594-015-0235-4
https://doi.org/10.1016/j.fm.2010.07.012
https://doi.org/10.1016/j.fm.2010.07.012
https://doi.org/10.3390/ijms21030995
https://doi.org/10.1016/j.fm.2016.11.014
https://doi.org/10.1016/j.fm.2016.11.014
https://doi.org/10.2478/jvetres-2020-0029
https://doi.org/10.2478/jvetres-2020-0029
https://doi.org/10.1046/j.1365-2672.2001.01448.x
https://doi.org/10.2903/j.efsa.2018.5206
https://doi.org/10.2903/j.efsa.2018.5206
https://doi.org/10.1002/fsn3.2304
https://doi.org/10.1016/j.tifs.2014.09.001
https://doi.org/10.4315/0362-028X-67.11.2521
https://doi.org/10.1007/s00253-019-09844-6
https://doi.org/10.1007/s00253-019-09844-6
https://doi.org/10.4236/aim.2015.511079
https://doi.org/10.1016/j.fm.2010.01.004
https://doi.org/10.1016/j.fm.2010.01.004
https://doi.org/10.1128/AAC.00407-10
https://doi.org/10.1046/j.1472-765x.2002.01109.x
https://doi.org/10.1046/j.1472-765x.2002.01109.x
https://doi.org/10.1016/j.lwt.2020.110061
https://doi.org/10.3390/microorganisms9010033
https://doi.org/10.3390/microorganisms9010033
http://refhub.elsevier.com/S0023-6438(23)00288-8/sref23
http://refhub.elsevier.com/S0023-6438(23)00288-8/sref23
http://refhub.elsevier.com/S0023-6438(23)00288-8/sref23
https://doi.org/10.1016/s0168-1605(00)00522-5
https://doi.org/10.1128/AEM.69.2.734-739.2003
https://doi.org/10.1128/AEM.69.2.734-739.2003
https://doi.org/10.1101/gr.5.4.408
https://doi.org/10.1128/AEM.05507-11
https://doi.org/10.7554/eLife.77100
https://doi.org/10.4014/jmb.2004.04004
https://doi.org/10.4014/jmb.2004.04004
https://doi.org/10.1111/1574-6968.12301

D. Abarquero et al.

achievements, and future perspectives. Critical Reviews in Biotechnology, 41(4),
491-512. https://doi.org/10.1080,/07388551.2020.1869688

Lyu, C., Yao, L., Zhu, Q., Mei, J., Cao, Y., Hu, S., Zhao, W., Huang, J., Mei, L., Yao, S., &
Du, G. (2021). Reconstruction of the glutamate decarboxylase system in Lactococcus
lactis for biosynthesis of food-grade y-aminobutyric acid. Applied Microbiology and
Biotechnology, 105(10), 4127-4140. https://doi.org/10.1007/s00253-021-11328-5

Mani-Lopez, E., Arrioja-Breton, D., & Lopez-Malo, A. (2021). The impacts of
antimicrobial and antifungal activity of cell-free supernatants from lactic acid
bacteria in vitro and foods. Comprehensive Reviews in Food Science and Food Safety.
https://doi.org/10.1111/1541-4337.12872. July, 1-38.

Ma, J. K., Raslan, A. A., Elbadry, S., El-Ghareeb, W. R., Mulla, Z. S., Bin-Jumah, M.,
Abdel-Daim, M. M., & Darwish, W. S. (2020). Levels of biogenic amines in cheese:
Correlation to microbial status, dietary intakes, and their health risk assessment.
Environmental Science and Pollution Research, 27(35), 44452-44459. https://doi.org/
10.1007/511356-020-10401-2

Marchwinska, K., & Gwiazdowska, D. (2022). Isolation and probiotic potential of lactic
acid bacteria from swine feces for feed additive composition. Archives of
Microbiology, 204(1), 1-21. https://doi.org/10.1007/500203-021-02700-0

Matto, J., Malinen, E., Suihko, M. L., Alander, P., Palva, A., & Saarela, M. (2004). Genetic
heterogeneity and functional properties of intestinal bifidobacteria. Journal of
Applied Microbiology, 97(3), 459-470. https://doi.org/10.1111/j.1365-
2672.2004.02340.x

Mazhar, S., Kilcawley, K. N., Hill, C., & McAuliffe, O. (2020). A systems-wide analysis of
proteolytic and lipolytic pathways uncovers the flavor-forming potential of the
Gram-positive bacterium Macrococcus caseolyticus subsp. caseolyticus. Frontiers in
Microbiology, 11(July). https://doi.org/10.3389/fmicb.2020.01533

Mechai, A., Debabza, M., & Kirane, D. (2014). Screening of technological and probiotic
properties of lactic acid bacteria isolated from Algerian traditional fermented milk
products. International Food Research Journal, 21(6), 2451-2457. https://www.
researchgate.net/publication/271198779.

Michlmayr, H., & Kneifel, W. (2014). p-Glucosidase activities of lactic acid bacteria:
Mechanisms, impact on fermented food and human health. FEMS Microbiology
Letters, 352(1), 1-10. https://doi.org/10.1111/1574-6968.12348

Moniente, M., Garcia-Gonzalo, D., Ontanoén, 1., Pagan, R., & Botello-Morte, L. (2021).
Histamine accumulation in dairy products: Microbial causes, techniques for the
detection of histamine-producing microbiota, and potential solutions. Comprehensive
Reviews in Food Science and Food Safety, 20(2), 1481-1523. https://doi.org/10.1111/
1541-4337.12704

Pudlik, A. M., & Lolkema, J. S. (2013). Uptake of a-ketoglutarate by citrate transporter
CitP drives transamination in Lactococcus lactis. Applied and Environmental
Microbiology, 79(4), 1095-1101. https://doi.org/10.1128/AEM.02254-12

Redruello, B., Ladero, V., Cuesta, I., Alvarez-Buylla> J. R., Martin, M. C., Fernandez, M., &
Alvarez, M. A. (2013). A fast, reliable, ultra high performance liquid
chromatography method for the simultaneous determination of amino acids,
biogenic amines and ammonium ions in cheese, using diethyl
ethoxymethylenemalonate as a derivatising agent. Food Chemistry, 139(1-4),
1029-1035. https://doi.org/10.1016/j.foodchem.2013.01.071

Redruello, B., Saidi, Y., Sampedro, L., Ladero, V., del Rio, B., & Alvarez, M. A. (2021).
GABA-producing Lactococcus lactis strains isolated from camel’s milk as starters for
the production of GABA-enriched cheese. Foods, 10(3), 633. https://doi.org/
10.3390/foods10030633

10

LWT 180 (2023) 114709

Renes, E., Linares, D. M., Gonzalez, L., Fresno, J. M., Tornadijo, M. E., & Stanton, C.
(2017). Production of conjugated linoleic acid and gamma-aminobutyric acid by
autochthonous lactic acid bacteria and detection of the genes involved. Journal of
Functional Foods, 34, 340-346. https://doi.org/10.1016/].jff.2017.05.014

Rossetti, L., & Giraffa, G. (2005). Rapid identification of dairy lactic acid bacteria by
M13-generated, RAPD-PCR fingerprint databases. Journal of Microbiological Methods,
63(2), 135-144. https://doi.org/10.1016/j.mimet.2005.03.001

Silva, C. C. G., Silva, S. P. M., & Ribeiro, S. C. (2018). Application of bacteriocins and
protective cultures in dairy food preservation. Frontiers in Microbiology, 9(APR).
https://doi.org/10.3389/fmicb.2018.00594

Sirichoat, A., Florez, A. B., Vazquez, L., Buppasiri, P., Panya, M., Lulitanond, V., &
Mayo, B. (2020). Antibiotic susceptibility profiles of lactic acid bacteria from the
human vagina and genetic basis of acquired resistances. International Journal of
Molecular Sciences, 21(7). https://doi.org/10.3390/ijms21072594

Smit, G., Smit, B., & Engels, W. (2005). Flavour formation by lactic acid bacteria and
biochemical flavour profiling of cheese products. FEMS Microbiology Reviews, 29(3),
591-610. https://doi.org/10.1016/j.femsre.2005.04.002

Stefariska, 1., Kwiecien, E., Jozwiak-Piasecka, K., Garbowska, M., Binek, M., &
Rzewuska, M. (2021). Antimicrobial susceptibility of lactic acid bacteria strains of
potential use as feed additives - the basic safety and usefulness criterion. Frontiers in
Veterinary Science, 8(July), 1-11. https://doi.org/10.3389/fvets.2021.687071

Tamura, K., Stecher, G., & Kumar, S. (2021). MEGA11: Molecular evolutionary genetics
analysis version 11. Molecular Biology and Evolution, 38(7), 3022-3027. https://doi.
0rg/10.1093/molbev/msab120

Tang, H. W., Phapugrangkul, P., Fauzi, H. M., & Tan, J. S. (2022). Lactic acid bacteria
bacteriocin, an antimicrobial peptide effective against multidrug resistance: A
comprehensive review. International Journal of Peptide Research and Therapeutics, 28
(1), 14. https://doi.org/10.1007/s10989-021-10317-6

Tanous, C., Kieronczyk, A., Helinck, S., Chambellon, E., & Yvon, M. (2002). Glutamate
dehydrogenase activity: A major criterion for the selection of flavour-producing
lactic acid bacteria strains. Antonie van Leeuwenhoek, International Journal of General
and Molecular Microbiology, 82(1-4), 271-278. https://doi.org/10.1023/A:
1020616506703

Tittarelli, F., Perpetuini, G., Di Gianvito, P., & Tofalo, R. (2019). Biogenic amines
producing and degrading bacteria: A snapshot from raw ewes’ cheese. LWT - Food
Science and Technology, 101, 1-9. https://doi.org/10.1016/j.1wt.2018.11.030.
November 2018.

Tofalo, R., Perpetuini, G., Battistelli, N., Pepe, A., Ianni, A., Martino, G., & Suzzi, G.
(2019). Accumulation y-aminobutyric acid and biogenic amines in a traditional raw
milk Ewe’s cheese. Foods, 8(9). https://doi.org/10.3390/foods8090401

Tulini, F. L., Hymery, N., Haertlé, T., Le Blay, G., & De Martinis, E. C. P. (2016).
Screening for antimicrobial and proteolytic activities of lactic acid bacteria isolated
from cow, buffalo and goat milk and cheeses marketed in the southeast region of
Brazil. Journal of Dairy Research, 83(1), 115-124. https://doi.org/10.1017/
$0022029915000606

Valenzuela, J. A., Flérez, A. B., Vazquez, L., Vasek, O. M., & Mayo, B. (2019). Production
of y-aminobutyric acid (GABA) by lactic acid bacteria strains isolated from
traditional, starter-free dairy products made of raw milk. Beneficial Microbes, 10(5),
579-587. https://doi.org/10.3920/BM2018.0176

Yogeswara, 1. B. A., Maneerat, S., & Haltrich, D. (2020). Glutamate decarboxylase from
lactic acid bacteria—a key enzyme in GABA synthesis. Microorganisms, 8(12), 1-24.
https://doi.org/10.3390/microorganisms8121923


https://doi.org/10.1080/07388551.2020.1869688
https://doi.org/10.1007/s00253-021-11328-5
https://doi.org/10.1111/1541-4337.12872
https://doi.org/10.1007/s11356-020-10401-2
https://doi.org/10.1007/s11356-020-10401-2
https://doi.org/10.1007/s00203-021-02700-0
https://doi.org/10.1111/j.1365-2672.2004.02340.x
https://doi.org/10.1111/j.1365-2672.2004.02340.x
https://doi.org/10.3389/fmicb.2020.01533
https://www.researchgate.net/publication/271198779
https://www.researchgate.net/publication/271198779
https://doi.org/10.1111/1574-6968.12348
https://doi.org/10.1111/1541-4337.12704
https://doi.org/10.1111/1541-4337.12704
https://doi.org/10.1128/AEM.02254-12
https://doi.org/10.1016/j.foodchem.2013.01.071
https://doi.org/10.3390/foods10030633
https://doi.org/10.3390/foods10030633
https://doi.org/10.1016/j.jff.2017.05.014
https://doi.org/10.1016/j.mimet.2005.03.001
https://doi.org/10.3389/fmicb.2018.00594
https://doi.org/10.3390/ijms21072594
https://doi.org/10.1016/j.femsre.2005.04.002
https://doi.org/10.3389/fvets.2021.687071
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1007/s10989-021-10317-6
https://doi.org/10.1023/A:1020616506703
https://doi.org/10.1023/A:1020616506703
https://doi.org/10.1016/j.lwt.2018.11.030
https://doi.org/10.3390/foods8090401
https://doi.org/10.1017/S0022029915000606
https://doi.org/10.1017/S0022029915000606
https://doi.org/10.3920/BM2018.0176
https://doi.org/10.3390/microorganisms8121923

	Technological and safety assessment of selected lactic acid bacteria for cheese starter cultures design: Enzymatic and anti ...
	1 Introduction
	2 Materials and methods
	2.1 Strains, media and culture conditions
	2.2 Lactic acid bacteria: molecular identification and PCR fingerprinting
	2.3 Enzymatic activity profile
	2.4 Glutamate dehydrogenase (GDH) assay
	2.5 Detection of antimicrobial activity
	2.6 Antibiotic susceptibility
	2.7 Quantification of tyramine, histamine, putrescine and GABA production by UHPLC
	2.8 Detection of GABA and biogenic amines production genes
	2.9 Statistical analysis

	3 Results and discussion
	3.1 Molecular identification and PCR fingerprinting
	3.2 Enzymatic activity profile
	3.3 Glutamate dehydrogenase activity
	3.4 Antimicrobial activity
	3.5 Antibiotic susceptibility
	3.6 Biogenic amines production and detection of their production genes
	3.7 GABA production and detection of glutamate decarboxylase gene

	4 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


